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Abstract

of the dental visit because only a limited number of patients with advanced CKD received dental care.

Background: Since 2012, Tama City has promoted the early detection
of chronic kidney disease (CKD), through an initiative that measures
serum creatinine as part of the specific health checkups. We examined
preventive measures against CKD deterioration based on the outcomes
of this initiative.
Methods: The complications, medication status, body mass index, smoking status and other determining factors were surveyed among CKD-diagnosed participants over 3 years between 2013 and 2015. Moreover,
factors aggravating CKD were investigated via a survey of medical and
dental visits based on health insurance claim data over the same period.
Results: There was an increased rate of comorbid hypertension with
each increase in the CKD stage. Comorbidity rates of diabetes mellitus, dyslipidemia, obesity, and smoking increased until CKD stage
G4, and then decreased from stage G5. A substantial number of participants with CKD stage G3b and above were not medicated despite
comorbidities like hypertension, diabetes mellitus and dyslipidemia.
While the rate of regular visits at medical institutions was seen to increase significantly in accordance with the worsening degree of CKD,
there were also individuals who, despite having severe CKD, did not
visit medical institutions specializing in internal medicine. The rate
of dental visits decreased as the CKD stage increased, and further
decreased as the diabetic control status worsened.
Conclusions: CKD patients should become aware of the importance
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Introduction
Chronic kidney disease (CKD) is a precursor to end-stage renal disease that is on the rise worldwide and steadily increasing in Japan. Awareness-raising campaigns aimed at citizens
and cooperation between primary care doctors and specialists
have been sought as countermeasures [1, 2]. In many cases
CKD symptoms do not appear until the disease has progressed,
so it is critical to prevent disease progression through the earliest possible detection and appropriate medical intervention.
In 2008, specific health checkups (Tokutei Kenshin) were
initiated in Japan to detect lifestyle-related diseases in persons
covered by the national health insurance. Although specific
health checkups are useful in the diagnosis of metabolic syndrome [3], they are ineffective in screening for CKD because
it is not mandatory to examine serum creatinine. However, in
the Tama City suburbs of Tokyo, serum creatinine has been
measured for all people who receive specific health checkups
since 2012 (TAMA MED Project-CKD).
Based on this data, the current research investigated complicating symptoms, medication status, body mass index (BMI),
smoking status, and various other factors in CKD-diagnosed participants. Moreover, using data of health insurance claims, the status of CKD-diagnosed participants’ medical and dental visits was
also investigated. Such an evaluation would arguably reveal the
aggravating factors in CKD and aid in preventing its deterioration.

Materials and Methods
Study design of the TAMA MED Project-CKD
The TAMA MED Project-CKD was conducted as a retrospec-
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tive cohort study to examine the prevalence and incidence of
CKD in a general population in conjunction with Project-AF
and Frail which was initiated to clarify the prevalence and incidence of atrial fibrillation and frail [4, 5]. The study protocol
conformed to the Declaration of Helsinki and was approved
by the ethics committee of our institution (approval number
529, 2017).
Participants with national health insurance who had undergone annual specific health checkups at a clinic or hospital belonging to the TAMA CITY Medical Association were
sampled serially. All participants were aged 40 - 74 years upon
admission as only individuals between these ages were eligible
for specific health checkups on this insurance. All participants
answered the questionnaire including measures on past history
of cardiac disease and stroke, present illness, habitual status
including current smoking, and medications. In addition, body
height and weight, BMI, waist circumference, and systolic
and diastolic blood pressure (BP) were measured in participants. This study also examined fasting plasma glucose (FPG)
or hemoglobin A1c (HbA1c), serum high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), triglycerides, aspartate transaminase (AST), alanine
transaminase (ALT), γ-glutamyl transpeptidase (γ-GTP), and
urine sugar and protein (using the test paper method) as essentials in line with the ordinance of the Ministry of Health, Labour and Welfare that referred to Article 157 in 2007. In addition, since 2008, a standard 12-lead electrocardiogram (ECG)
has been recorded in all participants as a Tama City-specific
mandatory optional examination [4], while serum creatinine
has been measured since 2012. Estimated glomerular filtration
rate (eGFR) was calculated using the following equation: for
men, eGFR (mL/min/1.73 m2) = 194 × (age) - 0.287 × (serum
Cre (mg/dL)) - 1.094, and for women, eGFR (mL/min/1.73
m2) = 194 × (age) - 0.287 × (serum Cr (mg/dL)) - 1.094 ×
0.739 [6]. Data from the period of 2013 - 2015 were analyzed.

Hg and/or receiving antihypertensive medication. Diabetes
mellitus was defined as having an FPG ≥ 126 mg/dL or HbA1c
≥ 6.5% (National Glycohemoglobin Standardization Program,
NGSP), and/or receiving medical treatment with oral hypoglycemic agents and/or insulin. Hyperlipidemia was defined as
having an LDL-C ≥ 140 mg/dL and/or receiving antihyperlipidemic medication.

Categories of degree of CKD worsening

Prevalence of CKD in 2015

Level of renal dysfunction (G1 - G5) was determined based on
eGFR measurements. Test strips were used to measure protein
in urine and classified as normal for (-) or (±), low levels for
(+) and high levels for (++) or higher. CKD was defined as
having proteinuria and/or eGFR less than 60 mL/min/1.73 m2.
CKD categories were defined as follows based on heat map
data [7]: 1) Low risk or no CKD (green): G1, 2 with urine protein levels of (-) or (±); 2) Moderately increased risk (yellow):
G1, 2 with urine protein levels of (+), or G3a with urine protein
levels of (-) or (±); 3) High risk (orange): G1, 2 with urine
protein levels of (++) or more, G3a with urine protein levels of
(+), or G3b with urine protein levels of (-) or (±); and 4) Very
high risk (red): G3a with urine protein levels (++) or higher,
G3b with protein levels of (+) or higher, or G4, 5.

The background of participants who underwent specific health
checkups in 2015 are detailed in Table 1. As of December 1,
2015, the total population of Tama City was 147,873, with
72,895 individuals aged between 40 - 74 years (48% men).
The number of national health insurance subscribers in this
age group was 37.2%, and the rate of receiving specific health
checkups was 45.8% in 2015. Therefore, the total number of
12,303 people in this study was 16.9% of this age group in
Tama City. Patients already taking medication for hypertension or diabetes mellitus numbered 34.2% and 8.2% of the
total sample respectively. Table 2 outlines the urine protein
levels of individuals who underwent checkups classified according to GFR stage. Although urine test results were unavailable for 29 individuals, according to the health insurance
claim data these individuals were 14 dialysis patients with
CKD G5. There were 2,437 CKD-diagnosed participants, accounting for 19.8% of the total. Of the total CKD population,
77.8% had eGFR less than 60 mL/min/1.73 m2 without proteinuria.

Definitions of other comorbidities
Hypertension was defined as having a systolic BP ≥ 140 mm
116

Survey of medical and dental visits
Medical and dental visits of CKD-diagnosed participants were
investigated using data of health insurance claims linked to
medical checkups of patients. Specific health checkups in Japan include a medical doctor’s consultation, but in this study,
this consultation was distinguished from “medical visits”. We
calculated for each category of CKD group whether they were
visiting a medical institution and dental clinic or not.
We also investigated whether medical institutions advocate the ability to treat internal diseases (specializing in internal medicine). Regular visit was defined as the same medical
institution is regularly visited within 4 months and has been
continuing for more than 1 year. This was defined by the fact
that doctors cannot give more than 3 months of medicine in
Japanese medical facilities.
Statistical analysis
Data are presented as mean ± standard deviation (SD). The
statistical significance of differences between groups was analyzed using Fisher’s exact test. P values < 0.05 were considered as statistically significant in all analyses.

Results
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Table 1. Characteristics of Participants
Number of subjects

12,303

Age (years)

67.0 ± 7.3

Sex: men, women (%)

5,034 (40.9), 7,269 (59.1)

BMI

(kg/m2)

22.6 ± 3.3

Systolic BP (mm Hg)

127.2 ± 16.5

Diastolic BP (mm Hg)

74.5 ± 10.4

Current smoker

2,697 (22.2)

Comorbidities
  Cardiac diseasea

749 (6.1)

  Hypertension

5,235 (42.6)

  Diabetes mellitus

1,603 (13.0)

   Stroke/TIA

488 (4.0)

   Metabolic syndrome

1,837 (14.9)

Blood examinations
   HDL-C (mg/dL)

64.5 ± 16.6

   LDL-C (mg/dL)

124.6 ± 30.4

   Triglycerides (mg/dL)

114.4 ± 80.1

   HbA1c

(NGSP)b

(%)

5.7 ± 0.6

Urinalysis
  Urine sugar

280 (2.3)

  Urine protein

517 (4.2)

EKG
   AF

175 (1.4)

Medications
  For hypertension

4,206 (34.2)

   For diabetes mellitus

1,011 (8.2)

  For dyslipidemia

2,693 (21.9)

Data are given as n (%) or mean ± SD. BMI: body mass index; BP:
blood pressure; TIA: transient ischemic attack; HDL-C: high-density
lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol;
NGSP: National Glycohemoglobin Standardization Program; JDS: Japan Diabetes Society; AF: atrial fibrillation; EKG: electrocardiogram.
aCardiac disease was self-reported. bHbA1c (JDS) + 0.4%.

Lifestyle disease status according to CKD stage
Lifestyle disease comorbidity and medication status of par-

ticipants who underwent specific health checkups in 2015 are
presented below (Table 3). Hypertension comorbidity rates
rose with increments in CKD stages. Diabetes mellitus, dyslipidemia, and obesity comorbidity rates were seen to increase
until CKD stage G4, before decreasing from stage G5. There
were 14 individuals receiving dialysis within CKD stage G5,
and the number of patients with a BMI < 18.5 increased rapidly. There was a substantial number of participants ≥ CKD stage
G3b who were not on medication despite having comorbidities
with hypertension, diabetes mellitus, or dyslipidemia. Smoking comorbidity rates for CKD stage G3b and G4 patients were
high.
The rates of medical and dental visits of CKD-diagnosed
participants
Figure 1 presents the regular visits at medical institutions of
participants undergoing health checkups over 3 years from
2013, excluding participants without urine test results. This
was presented according to the CKD risk classifications, not
including 14 dialysis patients in the very high risk group. The
rates of regular visits at medical institutions increased as CKD
risk increased; even when limited to medical institutions specializing in internal medicine, over 80% of health checkup
recipients in the high risk group visited regularly. Figure 2 depicts the rates of dental visits of CKD-diagnosed participants
compared to regular visits at medical institutions specializing
in internal medicine over 3 years from 2013. In 2014 and 2015,
the very high risk group had significantly lower rates of dental
visits than did the moderately high risk group. Additionally,
the rates of dental visits in the very high risk group had been
declining annually. Contrastingly, the very high risk group had
significantly higher rates of regular visits at medical institutions specializing in internal medicine than did the moderately
high risk group over the entire period. Furthermore, we examined whether the rates of dental visits of CKD-diagnosed participants differs depending on the degree of impaired glucose
tolerance (Fig. 3). The non-impaired glucose tolerance, HbA1c
> 6.0 or FPG > 120 mg/dL, and HbA1c > 7.0 or FPG > 140
mg/dL groups were compared. In the group with moderately
increased risk, the rates of dental visits decreased significantly
as control over diabetes mellitus deteriorated (Fig. 3a). In the
group with very high risk, there was no significant difference
because of the small number of people, but the rate of dental
visits tended to decrease as the control status over diabetes de-

Table 2. Classification of CKD-Diagnosed Participants That Attended Checkups in 2015
GFR stage

eGFR (mL/min/1.73m2)

Proteinuria (-) or (±)

Proteinuria (+)

Proteinuria (++) or (+++)

Unknown

G1 (risk)

≥ 90

1,264 (green)

46 (yellow)

10 (orange)

5

G2 (risk)

60 - 89

8,597 (green)

217 (yellow)

52 (orange)

9

G3a (risk)

45 - 59

1,718 (yellow)

85 (orange)

38 (red)

1

G3b (risk)

30 - 44

170 (orange)

24 (red)

17 (red)

0

G4 (risk)

15 - 29

8 (red)

9 (red)

15 (red)

0

G5 (risk)

< 15

0 (red)

2 (red)

2 (red)

14 (dialysis)

Red: very high risk; orange: high risk; yellow: moderately increased risk; green: low risk or no CKD.
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Hypertension was defined by a systolic BP ≥ 140 mm Hg and/or receiving antihypertensive medication; diabetes mellitus was defined by an FPG ≥ 126 mg/dL or HbA1c ≥ 6.5% (NGSP),
and/or receiving medical treatment with oral hypoglycemic agents and/or insulin; hyperlipidemia was defined by an LDL-C ≥ 140 mg/dL and/or receiving antihyperlipidemic medication.
BP: blood pressure; HT: hypertension; DM: diabetes mellitus; HL: hyperlipidemia; BMI: body mass index; NGSP: National Glycohemoglobin Standardization Program; GFR: glomerular
filtration rate; FPG: fasting plasma glucose; LDL-C: low-density lipoprotein cholesterol.

3 (16.7%)
5 (27.8%)
7 (38.9%)
0 (0%)
16 (88.9%)
G5 (n = 18)

5 (27.8%)

0 (0%)

4 (22.2%)

2 (11.1%)

15 (46.9%)
2 (6.3%)
13 (40.6%)

62 (29.4%)
9 (4.3%)
79 (37.4%)

8 (25%)
18 (56.3%)
2 (6.3%)

30 (14.2%)

3 (9.4%)
23 (71.9%)
G4 (n = 32)

49 (23.2%)
13 (6.2%)
152 (72.0%)
G3b (n = 211)

14 (43.8%)

114 (54.0%)

37 (17.5%)

380 (20.6%)
117 (6.4%)
428 (23.2%)
472 (25.6%)

1,872 (21.1%)
806 (9.1%)
1,789 (20.2%)
2,429 (27.4%)

967 (52.5%)
144 (7.8%)
197 (10.7%)
1,024 (55.6%)
G3a (n = 1,842)

272 (14.8%)

1,027 (11.6%)
3,848 (43.4%)
G2 (n = 8,875)

1,038 (11.7%)

625 (7.0%)

4,303 (48.5%)

365 (27.5%)
172 (13.0%)
247 (18.6%)
282 (21.3%)
517 (39.0%)
123 (9.3%)
135 (10.2%)
518 (39.0%)
G1 ( n = 1,325)

190 (14.3%)

BMI < 18.5
BMI ≥ 25
Medication (-)
Medication (-)
All

All

Medication (-)

All

HL
DM
HT

GFR stage

Table 3. Amount of People With Risk Factors for Lifestyle Diseases That Attended Checkups in 2015

Smoking

Medical and Dental Visits of CKD Patients

Figure 1. The rates of regular visits at medical institutions of participants undergoing health checkups from 2013 to 2015. Left: all medical
institutions; right: medical institutions specializing in internal medicine.
•: very high risk; ○: high risk; ▲: moderately increased risk; ■: low risk
or no CKD. n = 12,732 (2013), n = 14,150 (2014), and n = 12,274
(2015). CKD: chronic kidney disease.

teriorated (Fig. 3b).

Discussion
In 2015, the rate of CKD among people who received special health checkups in Tama City was 19.8%. Of these, 77.8%
were CKD cases with eGFR less than 60 mL/min/1.73 m2
without proteinuria, indicating that in many cases, CKD cannot be diagnosed without measuring eGFR. It has been reported that regardless of the presence of proteinuria, eGFR less
than 60 mL/min/1.73 m2 increases stroke risk by 2.06 compared to eGFR over 60 mL/min/1.73 m2 [8]. Even from the
perspective of CKD as a lifestyle disease, it is necessary to pay

Figure 2. The rates of dental visits of CKD-diagnosed participants from
2013 to 2015 compared to the rates of regular visits at medical institutions specializing in internal medicine. Left: medical institutions specializing in internal medicine; right: dental clinics. •: very high risk; ▲: moderately increased risk. Very high risk: n = 141 (2013), n = 127 (2014),
and n = 115 (2015); moderately increased risk: n = 2,056 (2013), n =
2,044 (2014), and n = 1,981 (2015). *P < 0.05; **P < 0.01 versus moderately increased risk. CKD: chronic kidney disease.
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Figure 3. The rates of dental visits of CKD-diagnosed participants depending on the degree of impaired glucose tolerance from
2013 to 2015. (a) The rates of dental visits of CKD moderately increased risk group. •: Moderately increased risk with HbA1c
≤ 6.0 and FPG ≤ 120 mg/dL and not receiving medical treatment for diabetes: non-impaired glucose tolerance; ○: moderately
increased risk with HbA1c > 6.0 or FPG > 120 mg/dL; ▲: moderately increased risk with HbA1c > 7.0 or FPG > 140 mg/dL. *P
< 0.05; **P < 0.01 versus non-impaired glucose tolerance. (b) The rates of dental visits of CKD very high risk group. •: very high
risk with HbA1c ≤ 6.0 and FPG ≤ 12 0 mg/dL and not receiving medical treatment for diabetes: non-impaired glucose tolerance;
○: very high risk with HbA1c > 6.0 or FPG > 120 mg/dL; ▲: very high risk with HbA1c > 7.0 or FPG > 140 mg/dL. CKD: chronic
kidney disease; HbA1c: hemoglobin A1c; FPG: fasting plasma glucose.

heed to it even in the minor stages. Moreover, even in patients
with eGFR less than 45 mL/min/1.73 m2, proteinuria of (-) or
(±) represented 7.3% of the entire CKD population, indicating the possibility of overlooking relatively high-level CKD if
serum creatinine is not measured during checkups. Compared
with the results of special health checkups in 2008, the proportion of CKD without proteinuria has increased in our research,
and this trend is expected to increase as the number of elderly
people increases [9]. The serum creatinine test was added as
an item to the detailed health checkup in 2018, but has yet to
become a compulsory item.
A range of measures are necessary to prevent the progression and worsening of CKD. As arteriosclerosis-induced CKD
caused by diabetes mellitus, hypertension, dyslipidemia, and
obesity has continued to increase in the recent years, it is important to supervise the improvement in lifestyle factors in the
early stages of the disease [2, 10, 11]. Investigation of lifestyle
disease comorbidity and smoking status revealed increases in
hypertension as the CKD stages worsen. Even in CKD stage
G3b and above, many had not received antihypertensive drugs
despite having high BP, and treatment intervention is desirable from the viewpoint of suppression of cerebrocardiovascular events [12, 13]. Diabetes mellitus, dyslipidemia, obesity,
and smoking comorbidity rates are observed to increase up to
CKD stage G4, and then decline from stage G5. As 14 of the
18 CKD stage G5 participants were undergoing dialysis in this
study, this was speculated to be a contributing factor. As reported earlier, management of smoking and control of these
factors have emphasized as potentially important in preventing
the development of cerebrovascular disease and the development and progression of CKD [10, 14-16].
A large number of the very high risk group and high risk
group regularly visited medical institutions. In both groups,
however, there were not a few people who regularly visited
medical institutions other than medical institutions specializing in internal medicine. It is thought that some of them
were taking other treatments without knowing that the person
suffers from CKD. In recent years, in some institutions in

Japan, “CKD sticker” has been placed on medicine record
handbook carried by the patient to promote the distribution of
renal function information. We started using multiple “CKD
stickers” differentiated for each stage of CKD. If a drug is
prescribed to a patient with renal dysfunction, the pharmacy
also can check that the prescription is appropriate based on
that information.
In contrast to regular visits at medical institutions specializing in internal medicine, the rate of dental visits declined as
CKD risk increased. Results from a large-scale epidemiology
survey of citizens indicated that even after adjusting for risk
factors such as advanced age, smoking, hypertension, obesity
and diabetes mellitus, periodontal disease patients had much
higher rates of CKD than those with healthy gums [17, 18].
Periodontal disease is a chronic inflammation that occurs from
the body’s immune response and periodontal bacteria in the
periodontium. It is thought that worsening CKD could occur
due to impaired vascular endothelial function brought about
by inflammatory cytokines and reactive oxygen species produced by the periodontium or direct impairments from periodontal bacteria or bacteria producing organisms. It has been
reported that treatment of periodontal disease for patients with
CKD actually recovered kidney function [19] and improved
inflammatory response [20]. Furthermore, difficulties in conducting dietary treatments such as reduced salt in the presence
of severe periodontal disease are often encountered in clinical
practice. Based on these results, we thought that failure to visit
dentistry, that is, failure to treat periodontal disease, may contribute to the deterioration of CKD.
In this study, as diabetes mellitus management worsens
in CKD-diagnosed participants, the rate of dental visits declined further. Periodontal disease has been reported to be a
risk factor for renal function decline and mortality in patients
with diabetes mellitus [21, 22]. Periodontal disease incidence
rates have been reported to increase as glucose management
worsens [23]. Periodontal disease is highly frequent in patients
with diabetes mellitus, and as it deteriorates easily, it is thought
to be related to basophil dysfunction, inhibition of collagen
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synthesis, periodontal ligament fibroblast dysfunction, microcirculation disorders, impaired immune function, and inflammatory tissue destruction of advanced glycation end products
in diabetes mellitus [24]. A recent meta-analysis also reported
a 0.4% reduction in HbA1c due to treatment of periodontal
disease in type 2 diabetes [25]. According to the results of
Tama City specific health checkups, the rates of dental visits in
the very high risk group had been declining each year, recommending that dental visits are also regarded as important in
preventing the development and worsening of CKD and diabetic kidney disease.
The present study was constrained by several limitations.
Firstly, the participants were limited by age and insurance coverage, as people with social insurance and/or aged < 40 or ≥
75 years at the onset were not eligible for these specific health
checkups. Therefore, the overall prevalence and incidence of
CKD were in all likelihood underestimated. Secondly, the diagnosis of CKD was based solely on the results of a single
health checkup. CKD is defined as having aberrant test results
over a period of over 3 months, and this too may have resulted
in overestimating the number of CKD-diagnosed participants.
Thirdly, uric acid was not measured in this study, even though
it is a risk factor of CKD, as it was not compulsory to test it
in the specific checkups. However, Tama City, recognizing its
significance, added it as a compulsory test from the start of
the 2016 financial year. As such, we were unable to add it to
the current analysis, but this ought to be considered in future
analyses to ensure better estimates.
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